This work studies the recovery of two grades of Acrylonitrile-Butadiene-Styrene (ABS) contaminated with Polyethylene (LDPE), by adding StyreneEthylene/Butadiene-Styrene (SEBS). To simulate contaminated ABS, virgin ABS was mixed with 1, 2, 4 and 8 % of LDPE and then extruded at 220 ºC. Regarding to the rheological properties, the LDPE contamination in ABS causes a remarkable viscosity decrease, and adding SEBS to the blend even lowers its viscosity both for Natural and Black grades. This drop is not harmful but quite the reverse. The more fluid is the material, the easier is the mold injection.
When the recovered plastics come from landfills, is neither technical nor economical viable, the usual option for these materials (usually LDPE, PP, PS, PVC, PET, ABS and aluminum blends) is incineration to produce energy. In such cases, ABS/LDPE blend studies, like Adrados [1] or Brebu [2] , are interesting since they study the residue content after a pyrolysis treatment.
Maris [3] proposed an alternative to incineration where the plastics are ground, generating hard to sort complex blends. Furthermore, a high purity is unlikely to be achieved with actual physicochemical processes. To avoid this, automatic sorting systems, based on infrared spectroscopy, can be previously used to the grind process. Unfortunately, this can only be applied to dark materials. To overcome this drawback, Maris proposed to add markers in raw materials to allow a quick sorting using fluorescence ultraviolet spectrometry as identification technique. Maris proved that adding markers below 250 ppm to polymer matrices has not influence on its mechanical properties.
Another alternative for non-compatible plastics, as ABS and LDPE, would be adding compatibilizers. For instance, Tasdemir used styrene-butadiene-styrene (SBS) [4] and styrene-isopren-styrene (SIS) [5] as ABS/PC blends compatibilizers. SBS and SIS are very similar to SEBS. However, there are no reports where SEBS were added to recovered polymers to make up its mechanical properties.
Other remarkable works are: Li [6] , who studied PPO/PA with SEBS-g-MA blends and Yin [7] , who studied PC/SAN with SEBS blends. These works are not comparable with the present one, but they gave the guidelines to improve the mechanical properties using SEBS.
Acrylonitrile-Butadiene-Styrene (ABS) is used in those cases when the surface appearance is important. ABS is a technical thermoplastic widely used in several sectors as automotive industry, electronic and electricity, etc. A good relationship between mechanical properties versus price, constitutes its main advantage, regardless some reprocessing problems, either injection or extrusion, due to the polybutadiene phase.
On the other hand, Oliveira correlated the injection molding parameters with the surface topology and brightness of ABS sheets [8] . He proved that the surface finish and appearance of injection-molded parts are highly dependent on the mold texture and roughness, as well as the compaction pressure.
One of the fundamental properties to consider when studying polymer processing is its rheological behavior. Understanding this parameter is vital to carry out a correct extrusion or injection of the polymer. The real viscosity of a polymer is obtained using a capilliary rheometer along with the Bagley and Rabinowitsc corrections. The methodology used in this work to calculate the viscosity is the same as used by Peydro [9] in his study of HIPS, which is comprehensively explained in that work.
The reproduction of the mold surface onto the obtained part is driven by two conditions. First of all, a low viscosity when melted improves the contact between the polymer and the mold surface. Secondly, avoiding a cold surface when solidifying prevents from outer layer deformation during the mold filling.
These two conditions are achieved on most of the mold surfaces when the melted mass temperature, the mold temperature, the flow speed and the retaining pressure are set on their maximum values. Regarding to ABS, Oliveira used a mass temperature of 260 ºC, a mold temperature of 80 ºC, a flow speed of 60 cm But, Oliveira also clearly proved that the most relevant parameter on surface brightness was the mold temperature. With a gleaming mold surface, a high mold temperature produces glossy parts. However, with a matt mold surface, a high mold temperature yields to fewer glossy parts.
These studies have been used to set up the processing parameters, as the flow temperature to 240 ºC, and mold temperature to 60 ºC. The flow speed was tuned to the highest value to avoid the maximum shear strength, and the compaction pressure to the largest to prevent from burr generation.
Other works like Salari [10] , Tiganis [11] , Arostregui [12] and Karahaliou [13, 14] studied the optical properties like the yellowing and darkening of ABS caused by thermo-oxidation, are interesting to compare our results.
The aim of present work is to achieve the recovery of two, ABS grades (natural and black) contaminated with LDPE through SEBS addition, while analyzing mechanical, rheological, optical and dimensional properties.
EXPERIMENTAL

Material
This work used the following commercial products: ABS Terluran GP 22® (BASF, Ludwigshafen, Alemania), LDPE ALCUDIA® PE063/A® (Repsol, Madrid España) and SEBS Megol TA 50® (Applicazioni Plastiche Industriali, Mussolente, Italia). Table 1 shows the most important properties for their selection. 
Specimen preparation
The ABS contaminated with LDPE was obtained using a twin-screw extruder, working at 220 ºC. Four PEBD blends quantities of 1, 3, 4 and 8 % wt. were obtained for two ABS grades (natural and black). Prior to the extrusion process, the virgin ABS was dried at 80 ºC for four hours using a MDEU1/10 drier made by Industrial y Comercial Marse S.L.® (Barcelona, Spain).
On the other hand, ABS/LDPE with SEBS blends were obtained at the same working temperature, changing the SEBS ratio (1, 2, 4 and 8 % wt.).
The flat specimens, used for optical, dimensional and mechanical characterization, were produced using a conventional injection machine Meteor 
Mechanical characterization
The specimens were tested using a universal tensile testing machine ELIB 30 
Rheological characterization
The rheological analysis was done using a capillary rheometer ThermoHaake
Rheoflixer MT® made by ThermoHaake (Dieselstr-Karlsruhe, Germany). The 
Optical characterization
The color measurement was carried out with a ColorFlex® colorimeter made by
Hunter Associates Laboratory, Inc (Virginia, EEUU). This instrument was designed to determinate the color characteristics for the CIELAB system, according to the standards UNE 72031:1983 and UNE11664-4:2011. It uses three parameters for color definition: the luminance factor (L), which measures the change from black (0) to white (100), the red saturation factor (a), which measures the color change from red (positive values) to green (negative), and the yellow saturation factor (b), which measures the color change from yellow (positive) to blue (negative).
Dimensional characterization
Flat specimens ( Figure 1 ) used for optical and dimensional characterization, within a mold cavity with 160·60·2 mm 
Other techniques
The injection simulation tests were done using the CAE software Autodesk
Moldflow Insight (version 2012) ®. The simulation results for the cavity were used to determinate the optimum injection conditions for the temperature preset, getting the speed, pressure and injection times to be used in the injection machine.
RESULTS AND DISCUSSION
3.1 Characterization of ABS contaminated with LDPE.
Mechanical characterization.
Both grades (natural and black) were studied to measure the color changes produced by adding LDPE and SEBS into virgin ABS. Indeed, both grades are the same, but with a different coloring additive. The source material is ABS Terluran GP 22 ®, meantime the natural and black grades only differ in the coloring additives. Table 2 shows the material properties given for both grades. The results shown in Figure 2 assured the same mechanical behavior for both grades, with a slightly greater tensile strength for the black grade and lightly larger impact strength for the natural grade. Adding LDPE to ABS produces a linear decrease in the tensile strength, elongation and impact strength as the LDPE quantity is increased for both black and natural grades. Instead, any quantity of PEDB brings the elastic modulus to decrease from 90 % to 95 %. Elongation is the most spoiled mechanical property, lowered up to 60 %, followed by the impact strength which is lowered to 35 %, and finally the tensile strength is reduced up to 20 % for an 8 % of LDPE at maximum.
The mechanical properties reduction is due to the ABS immiscibility with PEDB, [3] . 
Rheological characterization.
The rheological behavior is one of the most important properties for polymer processing, since it defines the adequate parameters for polymer injection or extrusion.
The rheological characterization of virgin and processed materials was carried out using a capillary rheometer as this equipment moves with a fixed speed.
The measured pressure and speed were used to compute the shear stress (τ) and the shear rate ( ), using the Bagley and Rabinowitsch corrections. The viscosity was computed according to eq. (1).
According to the standard, three nozzles were used, obtaining three viscosity curves for each material. Through an iteration process performed by MathCad 2001 ®, a unique curve was obtained for each material. Figure 3 shows the computed viscosity curves for virgin materials. A slight difference can be observed between both ABS grades. As can be seen, LDPE has a lower viscosity than the ABS but quite higher than SEBS. 
Optical characterization
Prior to produce the ABS/LDPE and ABS/LDPE/SEBS blends in the extruder several tests were done using an injection machine. Figure 5 shows the obtained specimens. As it is shown, some white marks were produced on ABS/LDPE specimens whereas ABS/LDPE/SEBS specimens yield some bleached bursts. This is due to a bad mixture in the injection machine screw.
Therefore, a double screw extruder was used to avoid this problem. Figure 6 shows the results obtained for both ABS grades blended with different LDPE ratios. Adding LDPE to ABS has two effects. The first one owed to the material reprocessing (darkening) and the second due to the blend itself (whitening).
Color changes were measured with a chromatograph, using a CIE L* a* b* scale. Table 3 shows the obtained results. Yellowing measurements (Yi) are shown in and LDPE adhesion to black ABS reduces Yi in a straight relationship with LDPE ratio. As can be noted, the yellowing effect owed to reprocessing is lower for black grade than for natural one. Nevertheless, the yellowing effect due to LDPE blending is greater.
It is widely known that ABS reprocessing causes darkening and yellowing. In a previous work, Karahaliou [13, 14] reported this behavior, but only the L* parameter was variable. This can obviously be attributed to chemical interactions and alterations produced during the extrusion process, and are usually associated to the generation of oxidation agents.
Dimensional characterization.
Shrinkage analysis of injected parts is very important, since the molded part must fulfill the drawing specifications. A good analysis can foreknow the piece shrinkage, and so the mold size would be increased to compensate the shrinkage. However besides the shrinkage, other potential part deformations should be considered. Table 4 shows A, B and C measurements over real parts as well as simulation predictions. As can be noted, those parts injected with natural ABS are slightly bigger than with black ABS, regardless of LDPE quantity for any size.
Therefore, natural ABS injected parts exhibit less shrinkage than the black ones. Shrinkage has been computed using the following equation:
Figure 7a clearly shows the previously described behavior. However, the most important fact is that shrinkage increases as the LDPE quantity does in the blend. So, the less LDPE contaminated parts, will be smaller. This is a logical outcome since ABS exhibits less shrinkage than LDPE.
By comparing the real sizes with the simulation results (Figure 7b ), it can be noted that they show the same trend, but with a higher shrinkage. There is no difference between natural and black grades since the manufacturer only reported coloration differences.
It can also be seen that the shrinkage were different in each direction.
Dimension B suffered a lower shrinkage, followed by A and C sizes.
Based on this observation, it can be concluded that the shrinkage is lower near the injection point (B) than in far zones (C). So, shrinkage mainly depends on the maximum pressure reached inside the cavity, which is higher near the injection point. Moreover, a lower shrinkage in real parts is owed to a higher pressure generation than expected from simulations.
Another thing to consider is that the acceptance criterion is based on the parallelism of both sides. As described above, this problem does not happen when it comes to the test specimens, but it was interesting to study its relationship with the LDPE ratio. Figure 7c shows the difference between B and C sizes. For real parts, this difference is nearly a tenth of a millimeter regardless of the LDPE percentage. The results from simulations were a little higher and also independent of the LDPE ratio. 
Study of the influence of the SEBS addition on degraded ABS properties.
Once the influence of the LDPE contamination on the ABS physical properties was determined, this section will study the effect of adding SEBS to improve the physical properties of ABS with LDPE impurities. This survey will be carried out using a blend of ABS with 8 % LDPE. Another aspect to be considered, is the fact that tensile strength, modulus of elasticity and elongation have a quite linear relationship with the SEBS quantity.
Mechanical characterization.
Nevertheless, the impact strength rises linearly up to 4 % of SEBS and then does not enhance to a significant extent even doubling the SEBS quantity.
From the previous outcomes, it can be stated that the optimum blend for SEBS should be around 4 %.
The introduction of SEBS and other elastic thermoplastics was previously reported by other authors like Ganguly [18] , Tasdemir [4, 5] and Yin [7] with similar results. 
Rheological characterization.
The incorporation of additives to any polymer causes variations in the rheological behavior. In this work, the SEBS presence reduces the viscosity for any specimen (Figure 9 ). This trend was also reported by Tasdemir [5] .
This is due to the low viscosity of SEBS, thus favoring the blend fluidization.
The viscosity drop is not harmful. On the contrary, the more fluid is the material, the easier is the mold injection. Figure 10 shows some ABS/PE8 blends specimens where different quantities of SEBS, from 1 % to 8 %, where added. The bleaching effect of SEBS can be seen at a glance. Table 5 . Shows the color changes, owed to the SEBS addition, measured using the CIE L* a* b* scale. Adding SEBS to both, natural and black grades, only increases linearly the L* factor producing whiter parts, while a* and b* factors remain steady.
Optical characterization
Regarding to the Yi factor, it can be noted that the SEBS addition linearly decreases this factor as the LDPE ratio increases. It can be seen that the yellowing drop is also greater for the black grade. Table 6 shows A, B and C sizes for the ABS/PE8 + SEBS specimens (Figure 1) .
Again, the natural ABS injected parts are slightly larger than the black grade ones, so they had less shrinkage.
The shrinkage was computed using equation (2) . Figure 11 Shrinkage increases can be partly explained by the compaction pressure reduction owed to a sprue breakage. So for all SEBS ratios the compaction pressure was lowered. Later, the generation of burrs forced to reduce it even more. This reduction causes the shrinkage increment. However, the shrinkage drop from 4 % to 8 % SEBS ratios is owed to the fluidity rise. This allows a better pressure distribution in the mold cavity, enhancing the part compaction and so reducing its shrinkage. Figure 11b shows the shrinkage results from simulations. Furthermore, in this case, the simulations predicted higher shrinkage values than the real ones.
Moreover, the simulations considered the compaction pressure reduction for 1 % SEBS ratios, which caused even higher shrinkages. They also predicted how increasing the SEBS ratio brought forth the shrinkage, although it did not perform well for SEBS ratios higher than 2 %.
As it can be noted in Figure 11c the SEBS adhesion to ABS / LDPE blend causes the difference between B and C dimensions to be even lower and so, the specimen sides are even more parallel. Actually, it is possible to achieve a lesser value than on virgin ABS for SEBS ratios over 8 %. This is owed to a better pressure distribution in the mold cavity, which enhances the part compaction and so reduces its shrinkage. 
CONCLUSIONS
The recovery of ABS contaminated with LDPE through SEBS incorporation, brings up the need to study its physical properties to assess the new blend effectiveness.
Regarding to the mechanical properties, the results show how the tensile strength, modulus of elasticity, elongation and impact strength have a linear decrease as the LDPE ratio increases for ABS natural and black grades. Adding SEBS to contaminated ABS allows recovering the elongation and impact strength values up to 30 %, approaching them to the virgin ABS values.
However, the tensile strength, and the modulus elasticity are not improved, but even reduced.
Regarding to the rheological properties, the LDPE contamination in ABS causes a remarkable viscosity decrease, and adding SEBS to the blend even lowers its viscosity both for Natural and Black grades. This drop is not harmful but quite the reverse. The more fluid is the material, the easier is the mold injection; the lower injection pressure is needed and so, a lower energy is required.
Moreover, this allows the temperature and the injection to be decreased during manufacturing. These outcomes would allow the manufacturer to raise its productivity and reduce its electric power consumption even more.
With regard to the optical properties, it is remarkable that a double-screw extruder is necessary to make the blend when using black ABS, as a singlescrew extruder would cause white bursts. It should be pointed out that two opposed effects take place: bleaching owed to LDPE addition, and darkening and yellowing due to the reprocessing process. However, the SEBS addition whitens the processed material.
Regarding to the dimensional characterization, the shrinkage increases as the LDPE ratio does, generating slightly smaller parts. For 1 % and 2 % SEBS ratios, the shrinkage remains increasing but from this point it lowers getting closer to virgin ABS values for an 8 % SEBS ratio. Moreover, the SEBS addition to the ABS/LDPE blend makes the B-C difference to be lower, and so the side parallelism is increased. It is possible to achieve differences below the obtained for virgin ABS if the SEBS ratio is greater than 8 %. Table Captions   Table 7 . Materials used at present work Table 8 . Mechanical properties data given by the manufacturers Table 9 . Color measurements in CIELab scale Table 10 . Part sizes Table 11 . Color measurements in CIELab scale for SEBS blends Table 12 . Part sizes for SEBS blends
